The parasitoid wasp family Ichneumonidae is arguably one of the groups for which current knowledge lags most strongly behind their enormous diversity. In a five-day meeting in Basel (Switzerland) in June 2019, 22 researchers from 14 countries met to discuss the most important issues in ichneumonid research, including increasing the speed of species discovery, resolving higher-level relationships, and studying the radiation of these parasitoids onto various host groups through time. All agreed that it is time to advertise ichneumonid research more broadly and thereby attract young talents to this group for which specialists are sorely lacking, as well as increase public awareness about their exciting biology and ecological impact. In order to popularize the group, we here suggest a new vernacular name for the family, "Darwin wasps", to reflect the pivotal role they played in convincing Charles Darwin that not all of creation could have been created by a benevolent god. We hope that the name catches on, and that Darwin wasps start buzzing more loudly across all disciplines of biology.
"I cannot persuade myself that a beneficent and omnipotent God would have designedly created the Ichneumonidae with the express intention of their feeding within the living bodies of caterpillars (…)" (Darwin 1860) The insect family that so famously stirred skeptic thoughts in Darwin, the Ichneumonidae, is among the most species-rich branches of the tree of life. At the same time, it is one of the groups for which our knowledge most severely lags behind their actual diversity. The roughly 25,000 species described today (Yu et al. 2016) probably represent less than a quarter of their true richness, but reliable estimates are lacking, as is much of the most basic knowledge about their ecology, distribution and evolution (Quicke 2015) . Ichneumonid wasps, with very few exceptions, attack the immature stages of holometabolous insects and spiders, eventually killing their hosts (Broad et al. 2018) .
They thus fulfill an important role as regulators of insect populations, both in natural and semi-natural systems, making them promising agents for biological control -aspects that Darwin overlooked when using these wasps to make a point about the lack of evidence for a benevolent god.
Darwin wasps -a new popular name for Ichneumonidae
One way to popularize a hitherto poorly appreciated taxon is by coining a catchy vernacular name that should be meaningful both to scientists and to the general public. We suggest "Darwin wasps" as the new name for this family, which until now has been known in English only as "ichneumon wasps" or even "ichneumon flies". The new Viewpoint name is intended primarily in reference to Darwin's famous quote, but also to draw general attention to what is likely one of the largest adaptive radiations in the natural world. We are only just beginning to understand the extent of the manifold and sophisticated adaptations by Darwin wasps to finding, overpowering and manipulating their hosts, and research into speciation mechanisms is highly promising in this group, which probably contains more species than all vertebrates together.
Species-level taxonomy
Much of our knowledge of ichneumonid diversity is based on the fauna of north temperate areas of the globe, but this is changing. Large-scale, intensive collecting efforts in, e.g., Brazil, Chile, Colombia, Costa Rica, Peru, Uganda and South Africa are revealing and characterizing a massive diversity of southern Darwin wasps. Still, we are only starting to understand the roles played by latitude, altitude and other environmental characteristics in shaping the abundance and distribution of these parasitoids across the globe (Quicke 2015) . Species description rates are increasing for tropical countries, thus increasingly reflecting the geographic distribution of species richness. However, this seems to have been offset by the decline of large-scale monographic work, meaning that worldwide description rates have remained roughly stable (with a mean of 212 species per year since 1900; Yu et al. 2016) ( Fig. 1 ). Species description rates need to increase substantially if we are to make any impact on the taxonomic deficit in a useful timeframe. While there is a general knowledge of the broad host relations of most subfamilies and tribes of Darwin wasps (Broad et al. 2018 ), at genus and species level our knowledge of host range, behaviour and developmental biology is deplorably low (Shaw 1994) . Some researchers make a commendable effort to combine taxonomic revisions with an assessment of the reliability of published host records and the reporting of new, confirmed host data (e.g., Broad & Shaw 2016) . We need to encourage such basic life history research, not least because it is becoming clear that there are many cryptic species differing in these respects, but also because important drivers for speciation will be found.
Darwin wasp diversity in collections
The specimen base for taxonomy, i.e., the raw resource for ichneumonologists, is scattered across many collections with no centralised database, and in many cases no way of accessing data. At the workshop, we started compiling a resource for the community, comprising collection-level descriptions of ichneumonid diversity and the nature of bulk samples in collections.
As examples of undescribed species richness, we performed a quick review of unidentified samples of Banchinae from Southern Hemisphere countries in a few collections and in the literature. For instance, San Marcos Museum (Peru) has 190 morphospecies of Banchinae, with only 20 of these described; Gauld (1984) noted 121 morphospecies of Banchinae in Australia, with only 25 of these described; and NHMUK holds samples of Atrophini (Banchinae) from 25 Afrotropical countries, seven of which have no published records of the tribe. Accessibility of this material is very heterogeneous. The pinned collections of named specimens are databased at the level of a species in a drawer. The unidentified, pinned specimens are poorly databased, although available to taxonomists. The bulk alcohol samples are mostly uncatalogued and unavailable, which is a significant impediment to taxonomic work on Darwin wasps. Some institutions have much better records of their alcoholpreserved material, although the availability of large samples of Ichneumonidae, e.g., from Uganda and South Africa in Turku (Finland) and the Iziko South African Museum, Cape Town, South Africa, should be better publicized. It is clear that the most useful taxonomic revisions follow from large-scale, targeted collecting, although spot samples from the wider world fill in many blanks. Results of these efforts can be seen in numerous revisions from, in particular, groups in Turku (headed by Ilari Sääksjärvi) and Cape Town (headed by Simon van Noort). Huge progress in describing the Chinese fauna has also been made in recent years, particularly from Sheng Mao-Ling's group. Henry Townes's series (1969 -1971 of identification keys to all of the genera of Ichneumonidae (except Ichneumoninae and Hybrizontinae) remain essential references. However, these works are showing their age -modern identification keys, for example, need to be well illustrated. Monographs of North American and Costa Rican ichneumonid subfamilies essentially stopped with the deaths of Henry Townes, Gerd Heinrich, Clement Dasch and Ian Gauld (Heinrich 1978 , Dasch 1992 , Gauld et al. 2002 . This is not to say that work has finished in the traditionally better-known Holarctic fauna. Seraina Klopfstein's (2014) revision of the Western Palaearctic Diplazontinae is a recent work tackling a medium-sized subfamily for the region, and Andrey Khalaim's works are adding up to a global revision of Tersilochinae (e.g., Khalaim 2017) .
New faunal works
A consensus at the workshop was that keys to genera would be particularly useful at the regional level. Simon van Noort has been adding dichotomous and interactive keys to WaspWeb (van Noort 2019) for the Afrotropical Hymenoptera Initiative. As a community, we can work to publish keys to the genera of Afrotropical Ichneumonidae within a relatively short period of time. Simultaneously, there are ongoing efforts to produce keys to the genera of particular subfamilies (e.g., Ctenopelmatinae and Orthocentrinae), which can be broken down into regional keys. Much improved imaging technology, more intensive collections from around the world, and a better understanding of ichneumonid phylogeny mean the time is ripe for new generic keys and a revised classification, making the family more accessible to the next generations of entomologists.
Assembling the ichneumonid tree
To understand the diversity of life history traits, morphological characters and diversification patterns found in Darwin wasps, we need to place them in evolutionary context. Phylogenies have become a fundamental tool for evolutionary biology, transcending the goal of tracing species relationships to increasingly being used to study aspects of evolution, ecology, biogeography, functional morphology, and much more.
And yet, as with so many aspects of Darwin wasp research, progress in our knowledge on their evolutionary relationships has been regrettably slow. Most of the earlier, morphological phylogenetic studies focused on specific subfamilies or subgroups (e.g., Wahl 1993 , Bennett 2001 ). Studies using molecular data did not become prevalent until recently. Most past studies have used data from a single locus (usually 28S rRNA) and had weakly supported results (Belshaw et al. 1998 ). The work of Quicke et al. (2009) , featuring "a thousand and one wasps", became a landmark on phylogenetic investigations with Ichneumonidae, providing for the first time a dense taxonomic sampling across the entire family. However, the results were poorly supported and sensitive to parameter choice.
More recently, multigene studies have so far mostly focused on specific subfamilies (e.g., Klopfstein et al. 2011 for Diplazontinae, Santos 2017 for Cryptinae). Investigations using multiple genes and focusing on a broader taxonomic scope have just started to get published (Klopfstein et al. 2019 for Pimpliformes; Bennett et al. 2019 for the family as a whole) and provide an encouraging signal that the scenario is about to change for ichneumonid systematics.
In spite of the sparse and fragmentary nature of past phylogenetic works, a few relatively solid points of consensus have emerged. First, the Xoridinae seem to be reliably the sister of all other Ichneumonidae. In addition, three major groups of subfamilies have been identified, though the limits of each one is subject to discussion: the Ophioniformes, Ichneumoniformes, and Pimpliformes. The relationships among and within these major groups are still far from well-defined, and the positions of several subfamilies, such as Orthopelmatinae and Labeninae, remain elusive (Quicke 2015) .
The time is now ripe for a concerted effort to unravel the tree of life of ichneumonids and unlock its enormous potential to illuminate studies in ecology and evolution. Phylogenomic approaches have greatly decreased in cost and are increasingly being adopted by the entomological community. Various genomic approaches (e.g., transcriptomes, exon enrichment, etc.) have different strengths and weaknesses and can be used in parallel, providing a desirable crossvalidation of the results. In general, target enrichment approaches such as ultraconserved elements (UCEs; Faircloth et al. 2012 ) provide a reliable and cost-effective avenue for large-scale sequencing for hyperdiverse groups. Target genomic loci with relatively short sequences can be captured and sequenced even for decades-old museum specimens. Combined with massive parallel sequencing, these approaches represent a leap of one to two orders of magnitude in the volume of data when compared to traditional molecular phylogenies, potentially leading to much more robust results.
In an ongoing, collaborative effort to investigate the phylogeny of Ichneumonidae, we have assembled a UCE dataset including roughly 600 genera from all 42 subfamilies (Broad et al. 2018 ). The preliminary results, which we discussed in detail at the meeting, corroborate some of the major points of consensus in our current knowledge, while also providing an unprecedented level of detail and robustness in our understanding of the ichneumonid tree of life. However, much remains to be done; for example, historically poorly studied groups such as Ichneumoninae and Ctenopelmatinae are still underrepresented in the UCE tree due to difficulty in obtaining reliably identified specimens that can yield usable DNA. Future plans include expanding this tree to include a majority of ichneumonid genera; to use the phylogeny to investigate transitions in host use and other biological traits; and to understand the tempo and mode of ichneumonid diversification by putting their phylogeny in a temporal context.
The ichneumonid fossil record
The main source of information for dating phylogenetic trees is contained in the fossils of a group. The fossil record of Darwin wasps dates back to the early Cretaceous or even late Jurassic (e.g., Kopylov 2009 ), but like the extant diversity of the family, it is very poorly studied. Only 277 species have been described to date (EDNA database; Mitchell 2013), 75% of which by just eight authors, and while the known Mesozoic fossils have mostly been examined in detail, there are still many hundreds of unstudied Cenozoic specimens present in fossil collections. In addition, a large portion of the described species was studied only before Townes published his seminal volumes on ichneumonid taxonomy (Townes 1969 and subsequent volumes) ; their classification is thus in dire need of revision (Fig. 2) . Three main factors complicate the interpretation and classification of ichneumonid fossils: high levels of homoplasy caused by parallel adaptations to the same hosts and/or host ecologies; a lack of knowledge of ichneumonid taphonomy, i.e., of the way their bodies fossilize; and finally the current absence of a robust age estimate of the crown group that would guide classification through knowledge of which higher taxa had already appeared at a particular time. None of these issues are insurmountable: homoplasies can be identified by morphological phylogenetics based on careful character concepts; taphonomy can be tackled at least to some extent experimentally; and a first age estimate for the pimpliform subfamilies based on total-evidence dating will soon become available. At the meeting, we decided to undertake a collaborative effort to date the entire tree of Darwin wasps by combining molecular data with a large morphological matrix, a project that will also require intensified research into the ichneumonid fossil record.
The future of Darwin wasp research
There was consensus during the conference that we need to increase collaboration and data sharing in order to boost research into every aspect of ichneumonid diversity and evolution. As a first step, we have made the program of the meeting, abstracts and presentations available online (https://zenodo.org/communities/ ichn_meeting_2019). Research priorities for the next five years are: (1) publishing the first time-calibrated, comprehensive phylogeny for the group based on genomic data; (2) producing synthetic regional works for the family as a whole; the obvious starting point is the ongoing monograph of Afrotropical Ichneumonidae led by Simon van Noort;
(3) advancing the understanding of global patterns of ichneumonid diversity, with an emphasis on long-term studies of the tropical fauna.
In terms of research infrastructure, five points are particularly urgent: (1) increasing our efforts to collect Darwin wasps, especially through long-term inventories and in threatened and undersampled habitats and regions; (2) making the collected material available to the entire community through proper curation and specimen exchanges;
(3) developing a platform for storage and sharing of ichneumonid literature, especially old and rare works; (4) integrating the most recent account of morphological terminology (Broad et al. 2018) into the Hymenoptera Anatomy Ontology; and last but not least, (5) establishing an alternative to the ichneumonoid catalogue and database, Taxapad, the demise of which has been a major blow for ichneumonid research.
Stepping up to the challenge of understanding the diversity and evolution of Darwin wasps will require creating new research tools, persuading researchers to foster collaborations, and handle ever larger datasets with the express intention of elucidating diverse research questions. We expect that a revived interest in Darwin wasps will lead to a more beneficent research program and to exciting discoveries in this fascinating group of insects.
